Aims. We analyze the applicability of far-infrared fine-structure lines [Cii] 158 µm, [Oi] 63 µm and [Oiii] 88 µm to reliably trace the star formation rate (SFR) in a sample of low-metallicity dwarf galaxies from the Herschel Dwarf Galaxy Survey and compare with a broad sample of galaxies of various types and metallicities in the literature. Methods. We study the trends and scatter in the relation between the SFR (as traced by GALEX FUV and MIPS 24 µm) and farinfrared line emission, on spatially resolved and global galaxy scales, in dwarf galaxies. We assemble far-infrared line measurements from the literature and infer whether the far-infrared lines can probe the SFR (as traced by the total-infrared luminosity) in a variety of galaxy populations. Results. In metal-poor dwarfs, the [Oi] 63 lines are considered to be reliable SFR tracers in starburst galaxies, recovering the star formation activity within a precision factor of 2. For composite and AGN sources, all three FIR lines can recover the SFR with a precision better than a factor of 2.3. The SFR calibrations for ULIRGs are similar to starbursts/AGNs in terms of scatter but offset from the starburst/AGN SFR relations due to line deficits relative to their total-infrared luminosity. While the number of detections of the FIR fine-structure lines is still very limited at highredshift for [Oi] 63 and [Oiii] 88 , we provide a SFR calibration for [Cii].
Introduction
The process of star formation encompasses the birth of new stars through the fragmentation and contraction of cold, dense molecular gas, hereby recycling the ISM content of galaxies (McKee & Ostriker 2007) . Knowing the instantaneous level of star formation (i.e. the star formation rate) not only sheds light on the conditions in the ISM, but also on the evolution of galaxies and their formation processes. If we want to understand the physical processes that control galaxy evolution, being able to probe the star formation activity is of great importance. Tracing back star Article number, page 1 of 36 arXiv:1402.4075v1 [astro-ph.GA] 17 Feb 2014 formation in some of the first objects in the early Universe until the present-day could even allow us to probe the star formation activity throughout cosmic times.
Since the main coolants in metal-rich galaxies such as the Milky Way are mostly metal-based ([Cii] , [Oi] , [Oiii] , CO, dust), the metal abundance is considered a fundamental parameter in the regulation of star formation through its influence on the initial cooling of diffuse gas (e.g. Glover & Clark 2014) and the survival of clouds through shielding. The star formation conditions during the early days of the Universe after cosmic re-ionization are considered to differ significantly from the present day's gas consumption in galaxies. Due to the extremely low metal abundances in the early Universe, the gas coolants and initiation processes of star formation were likely to be different from star formation conditions in the Local Universe (e.g. Ly α cooling becomes more important). Nearby low-metallicity galaxies might be important laboratories to investigate the connection between the chemical enrichment and star formation processes. Although the present-day metal-poor dwarfs will have experienced some evolution throughout cosmic time (e.g. Hodge et al. 1991; Tosi et al. 2007) , their slow chemical evolution makes them important testbeds to understand metallicity effects potentially applicable to galaxies in the early Universe.
Star formation rates (SFRs) on global galaxy scales are typically estimated from scaling relations between diagnostic tracers of the star formation activity, calibrated against the most up to date stellar population synthesis models and characterization of the initial mass function (IMF). Up to the present day, the most widely used SFR diagnostics have been based on continuum bands and optical/near-IR emission lines (see Kennicutt 1998 and Evans 2012 for a detailed overview). The brightest cooling lines in the atomic and molecular medium are emitted from mid-infrared to radio wavelengths, which have been probed extensively with the Herschel Space Observatory (Pilbratt et al. 2010) . The opportunity for a potential follow-up is guaranteed through airborne flights with the Stratospheric Observatory for Infrared Astronomy (SOFIA) in the local Universe or, at high spatial resolution, with ground-based interferometers such as ALMA and the future NOEMA in the high-redshift Universe. The advent of these facilities combine to open up a whole new spectral window, which favors the use of far-infrared (FIR) and submillimeter (submm) continuum bands (e.g. PACS 70 µm, Li et al. 2013 ) and emission lines as SFR diagnostics across a large variety of galaxy populations.
Here, we investigate the utility of the three brightest finestructure cooling lines, [Cii] , [Oi] 63 and [Oiii] 88 (e.g. Hunter et al. 2001; Brauher et al. 2008; Cormier et al. in prep.) , as tracers of the star formation activity in a sample of low-metallicity dwarf galaxies from the Herschel Dwarf Galaxy Survey . We, furthermore, asses the influence of metallicity, which is an important parameter controlling star formation in galaxies, constraining the reservoir of dust grains for the formation of molecules and regulating the attenuation of the FUV photons necessary for shielding molecules.
The [Cii] 157.74 µm line has been put forward as a potential powerful tracer of the star formation activity in the nearby as well as the more distant Universe (Stacey et al. 1991; Boselli et al. 2002; Stacey et al. 2010; De Looze et al. 2011; Sargsyan et al. 2012 ) and we, now, aim to expand this analysis to nearby, lowmetallicity dwarf galaxies. [Cii] is considered to be the dominant coolant for neutral atomic gas in the interstellar medium (Tielens & Hollenbach 1985a,b; Wolfire et al. 1995) and, therefore, among the brightest emission lines originating from star-forming galaxies (e.g. Stacey et al. 1991; Malhotra et al. 1997; Brauher et al. 2008) . In particular, low-metallicity galaxies show exceptionally strong [Cii] line emission (e.g. Poglitsch et al. 1995 , Madden et al. 1997 , Madden 2000 , Hunter et al. 2001 , Cormier et al. 2010 , Israel & Maloney 2011 . Carbon has an ionization potential of 11.3 eV (compared to 13.6 eV for hydrogen), implying that line emission can originate from neutral and ionized gas components (see Table 1 ). A changing contribution of different gas phases on global scales can prevent a correlation between the [Cii] line emission and level of star formation. The excitation of C + atoms might, furthermore, saturate at high temperatures, where the line becomes insensitive to the intensity of the radiation field at temperatures well above the excitation potential (Kaufman et al. 1999) . The [Cii] emission can also saturate in neutral gas media with hydrogen densities n H 10 3 cm −3 , where the recombination of C + into neutral carbon and, eventually, CO molecules is favored (Kaufman et al. 1999) . Self-absorption can also affect the [Cii] line excitation in large column densities of gas (N H ∼ 4 × 10 22 cm −2 , Malhotra et al. 1997) . Although the [Cii] line is usually not affected by extinction, optical depth effects might become important in extreme starbursts (Luhman et al. 1998; Helou 2000) and edge-on galaxies (Heiles 1994) . On top of this, deficits in the [Cii]/FIR ratio towards warm dust temperatures (Crawford et al. 1985; Stacey et al. 1991; Malhotra et al. 1997 Malhotra et al. , 2001 Luhman et al. 2003; Verma et al. 2005; Brauher et al. 2008; Graciá-Carpio et al. 2011; Croxall et al. 2012; Díaz-Santos et al. 2013; Farrah et al. 2013 ) suggest that the [Cii] conditions might be different in galaxies which are offset from the main sequence of star-forming galaxies. Since carbon can also be significantly depleted on carbon-rich dust grains, the use of O-based gas tracers might instead be preferred.
The [Oi] 63 line has a critical density n crit,H ∼ 5 × 10 5 cm −3 and excitation temperature T exc ∼ 228 K (see Table 1 ), which makes it an efficient coolant in dense and/or warm photodissociation regions (PDRs). Although generally observed to be the second brightest line (after [Cii] ), the [Oi] 63 line is observed to be brighter in galaxies with warm FIR colors and/or high gas densities (Malhotra et al. 2001; Brauher et al. 2008; Lebouteiller et al. 2012) . The applicability of [Oi] 63 as a SFR calibrator might, however, be hampered by self-absorption (Kraemer et al. 1996; Poglitsch et al. 1996) , optical depth effects (more so than [Cii] ) and the possible excitation of [Oi] 63 through shocks (Hollenbach & McKee 1989) . In the situation that the gas heating is not longer dominated by the photo-electric effect but has an important contribution from other heating mechanisms (e.g. mechanical heating, soft X-ray heating), the origin of the line emission might differ from the paradigm of warm and/or dense PDRs. A possible origin of [Oi] 63 emission different from PDRs can be, in particular, expected in the most metal-poor galaxies characterized by overall low metal content and diminished PAH abundances.
With an excitation temperature T exc ∼ 163 K, critical density n crit,e ∼ 510 cm −3 and a high ionization potential of 35.1 eV for O + , the [Oiii] 88 line originates from diffuse, highly-ionized regions near young O stars. Ionized gas tracers such as [Oiii] 88 might gain in importance in low-metallicity environments where PDRs occupy only a limited volume of the ISM judging from their weak PAH emission (Boselli et al. 2004; Engelbracht et al. 2005; Jackson et el. 2006; Madden et al. 2006; Draine et al. 2007; Engelbracht et al. 2008; Galliano et al. 2008 ) and low CO abundance (Poglitsch et al. 1995; Israel et al. 1996; Madden et al. 1997; Israel & Maloney 2011) . Based on our Herschel observations, we focus on the [Oiii] 88 as ionized gas tracer. Due to the low critical densities for [Oiii] 88 excitation with electrons, other lines (e.g. [Oiii] and Hα) will likely dominate the cooling of ionized gas media for intermediate and high gas densities. The brightness of the [Oiii] 88 emission line in metal-poor galaxies (Cormier et al. in prep.) , however, hints at a SFR tracer with great potential for the high-redshift Universe.
On top of the SFR calibrations for single FIR lines, we try to combine the emission of [Cii] , [Oi] 63 and [Oiii] 88 lines to trace the SFR. The total gas cooling in galaxies scales with the SFR assuming that the ISM is in thermal equilibrium and the total cooling budget balances the gas heating. Therefore, any FIR fine-structure line can be considered a reliable tracer of the SFR if it plays an important role in the cooling of gas that was heated by young stellar photons. Other heating mechanisms unrelated to the UV radiation (e.g. mechanical heating, cosmic ray heating and X-ray heating) and, thus, not directly linked to SFR, might disperse this link. Ideally, we combine the emission of several cooling lines in the ultraviolet/optical (e.g. Ly α, Hα, [Oiii] 5007Å) and infrared (e.g. [Neiii] ) wavelength domains to cover the total gas cooling budget in galaxies. Given our focus on the far-infrared coolants, we attempt to obtain a more complete picture of the overall cooling budget by combining the [Cii] , [Oi] 63 and [Oiii] 88 lines.
The Herschel Dwarf Galaxy Survey (DGS) and observations are presented in Section 2, together with the acquisition and processing of ancillary data, which will be used as reference SFR calibrators. In Section 3, we take advantage of the high spatial resolution attained for the most nearby galaxies to study the trends and scatter in the spatially resolved relation between the SFR and FIR line emission. The SFR calibrations and trends with the scatter in the SFR-L line relations based on the global galaxy measurements for the entire DGS sample are presented in Section 4. SFR calibrations for each of the fine-structure lines [Cii] , [Oi] 63 and [Oiii] 88 are derived for a selection of different galaxy populations in Section 5. In Section 6, we draw together our conclusions. Appendix A discusses the applicability of different unobscured (Section A.2) and obscured (Section A.3) indicators as reference SFR tracers for the low-metallicity DGS sample. Tables with source information, measurements of reference SFR calibrators and FIR lines are presented in Appendix B for the DGS sample, the literature sample of galaxies with starburst, composite or active galactic nucleus classifications and high-redshift sources.
Dwarf Galaxy Survey

Sample characteristics
The Dwarf Galaxy Survey (DGS, Madden et al. 2013 ) is a Herschel Guaranteed Time Key Program, gathering the PACS (Poglitsch et al. 2010 ) and SPIRE (Griffin et al. 2010 ) photometry and PACS spectroscopy of 50 dwarf galaxies in 230 hours. The sample was selected to cover a wide range in metallicities from 12+log(O/H) = 8.43 (He 2-10, 0.55 Z ) down to 7.14 (I Zw18, 0.03 Z )
1 . The sample selection was furthermore optimized to maximize the availability of ancillary data. With distances ranging from several kpc to 191 Mpc, the Dwarf Galaxy Survey observes the line emission of more distant galaxies within a single beam (PACS beams have full-width at half 1 Oxygen abundances, which are used here to constrain metallicities, are calculated from optical line intensities following the prescriptions in Pilyugin & Thuan (2005) , assuming a solar oxygen abundance O/H = 4.9 × 10 −4 , or 12+log(O/H) =8.7 (Asplund et al. 2009 ).
maximum (FWHM) of 11.5 , 9.5 and 9.5 for [Cii] , [Oi] 63 and [Oiii] 88 ), while the extended far-infrared line emission from the brightest star-forming regions is mapped in the most nearby galaxies by the Herschel Space Observatory. More details about the sample selection as well as a description of the scientific goals of the survey are outlined in Madden et al. (2013) .
Herschel data
Spectroscopic mapping of the [Cii] 158 µm line was performed for 48 galaxies 2 , among which most galaxies were also covered in [Oiii] 88 µm (43 out of 48 galaxies) and [Oi] 63 µm (38 out of 48 galaxies). Far-infrared fine-structure lines [Oi] Figure 4 of Madden et al. 2013 ). An overview of the spectroscopy observations, data reduction, line flux measurements and line ratios is provided in Cormier et al. (in prep) .
Reference SFR diagnostic
To establish the applicability of FIR lines to trace the SFR, we need to specify a reference star formation rate tracer. Typically, combinations of SF diagnostics are used to trace the unobscured and obscured fraction of star formation. Figure 1 shows the ratio of unobscured versus obscured star formation, as probed by GALEX FUV and MIPS 24 µm or our reference calibrators of the unobscured and obscured star formation (see later), respectively, as a function of oxygen abundance for the metal-poor galaxies of the DGS sample. The Spearman's rank correlation coefficient, ρ, is computed from the IDL procedure r_correlate to quantify the degree of correlation between the oxygen abundance and the ratio of unobscured-versus-obscured star formation. Values of ρ close to +1 and -1 are indicative of a strong correlation or anti-correlation, respectively, while values approaching 0 imply the absence of any correlation. For the low metallicity (12+log(O/H) ≤ 7.8-7.9) galaxies of the DGS sample, the fraction of unobscured star formation starts to dominate (see the negative correlation in Figure 1 with ρ = -0.50) and we, thus, need tracers of the unobscured and obscured fraction of star formation. The increased fraction of unobscured star formation towards lower metal abundances is in agreement with the drop in the ratio of the SFR estimated from the WISE band at 12 µm versus the SFR from Hα emission, S FR W3 /S FR Hα , with decreasing metallicity reported in Lee et al. (2013) , which was attributed to the low dust-to-gas ratios of metal-poor galaxies (e.g. Rémy-Ruyer et al. 2013b) , making the reprocessing of UV photons by dust inefficient (Schurer et al. 2009; Hwang et al. 2012) .
In this paper, we choose GALEX FUV and MIPS 24 µm as reference SFR tracers to probe the unobscured and obscured star formation component, respectively, and we rely on the SFR calibrations presented by Hao et al. (2011) and Murphy et al. (2011) (see Table A .1). In Section A of the appendix, we motivate this choice of reference SFR calibrators by comparing different unobscured (GALEX FUV, Hα) and obscured (IRAC8 µm, MIPS 24 µm, L TIR , 1.4 GHz) SFR tracers for the DGS galaxy sample. Among the unobscured SFR diagnostics, we argue that the Hα line can provide better SFR estimates compared to FUV due to the limited range of ages to which the SFR calibration for Hα (∼ 10 Myr) is sensitive compared to FUV (100 Myr). Given the bursty star formation histories and small sizes of dwarf 88 , with column 2 providing the ionization potential (IP) to create the species. Columns 3, 4 and 5 give the excitation temperature and critical density for line excitation through collisions with hydrogen atoms and electrons, respectively, calculated for a kinetic temperature T kin = 8000K. Column 6 provides the reference to the literature work reporting the excitation conditions of each fine-structure line. Column 7 specifies the ISM phase(s) from which the lines might originate. Goldsmith et al. (2012) ; (2) Tielens & Hollenbach (1985a) ; (3) Aggarwal & Keenan (1999). galaxies, the underlying assumption of continuous star formation activity during the age range of the SFR calibrator is not fulfilled, which becomes worse for the FUV emission probing a longer time scale of star formation activity. The unavailability of Hα maps prevents us from determining the Hα emission that corresponds to the galaxy regions covered in our Herschel observations. The FUV emission is instead used as reference SFR calibrator, but keeping in mind that FUV might underestimate the SFR by 50% as compared to Hα (see Section A.2). The analysis in Section A.3 shows that IRAC 8 µm, L TIR and L 1.4 GHz are unreliable SFR tracers of the obscured SF fraction due to the dependence of PAH abundance on metallicity, the peculiar SED shapes and/or the burstiness of the star formation histories of metal-poor dwarfs. Although the MIPS 24 µm band emission might not be entirely free of metallicity effects and/or variations in (very small) grain abundance, the analysis of Section A.3 shows that MIPS 24 µm is linked more closely to the SFR over wide ranges of metallicity compared to the other obscured SFR diagnostics.
GALEX FUV data are processed in a similar way to that outlined in Cortese et al. (2012) . The data are background subtracted and corrected for Galactic extinction according to the recalibrated A V in Schlafly et al. (2011 ) from Schlegel et al. (1998 , as reported on the NASA/IPAC Extragalactic Database, and assuming an extinction law with R V = 3.1 from Fitzpatrick et al. (1999) . Spitzer MIPS data have been retrieved from the Herschel Database in Marseille (HeDaM 3 ). Details of the data reduction of the ancillary MIPS data set can be found in Bendo et al. (2012b) , along with aperture photometry techniques and results.
Spatially resolved SFR-L line relation
Convolution and regridding of the maps
The closest galaxies in the DGS sample were mapped with Herschel to cover most of the star-forming regions and, therefore, can be used to provide a spatially resolved interpretation of the SFR calibrations. For the spatially resolved analysis, we consider all sources at distances D ≤ 7.5 Mpc with GALEX FUV and MIPS 24 µm observations 4 . A visual inspection of the MIPS 24 µm images shows that the mid-infrared emission from VII Zw 403, Mrk 209, UGC 4483 and NGC 625 is barely resolved with respect to the MIPS 24 µm beam (FWHM ∼ 6 , Fig. 1 . The ratio of the unobscured (L FUV ) versus obscured star formation (3.89*L 24 ), as a function of oxygen abundance, 12+log(O/H), for the DGS sample. The multiplicative factor of 3.89 in the denominator arises from the calibration coefficient that corrects the observed FUV emission for extinction following Hao et al. (2011) 
. Galaxies are color-coded according to metallicity with increasing oxygen abundances going from black over blue, green and yellow to red colors. Data points correspond to global galaxy fluxes. Engelbracht et al. 2007 ) and, therefore, those galaxies are excluded from the sample of the spatially resolved analysis. We, therefore, end up with a subsample of seven well-sampled galaxies with metal abundances varying from 0.10 Z (NGC 2366) to 0.38 Z (NGC 1705).
All maps of the resolved subsample have been convolved from their native resolution ([Oiii] 88 : 9.5 , [Oi] 63 : 9.5 ; GALEX FUV: 6 ; MIPS 24 µm: 6 ) to the 12 resolution of PACS at 160 µm using the kernels presented in Aniano et al. (2011) . Convolved images are rebinned to maps with pixel size corresponding to regions within galaxies of 114 2 pc 2 , i.e. the size of a nominal pixel of 3.1333 at 7.5 Mpc. We caution that pixels of this size are not independent due to the shape of the beam (FWHM of 12 ) which is spread across several pixels within one galaxy. Since our main interest for this spatially resolved analysis is the comparison of the behavior in the relations between the SFR and FIR line emission for different galaxies, we argue that a possible dependence of individual pixels of one specific galaxy will not severely affect the interpretation of our results. Given that the pixels defined this way correspond to a same physical scale within galaxies, the pixels provide a proxy for the surface density of the SFR, Σ S FR , and the FIR line surface density, Σ line . Only pixels attaining surface brightness levels Article number, page 4 of 36 of signal-to-noise (S /N) higher than 5 are taken into consideration, neglecting the uncertainty from the calibration. Due to the proximity of NGC 6822 (D = 0.5 Mpc), the rebinning of pixels results in the absence of any region at sufficient S /N level, limiting the spatially resolved galaxy sample to six objects. For NGC 1705, the [Oi] 63 line is not detected at sufficient S /N level on spatially resolved scales. Figure 2 shows the relation between the SFR and [Cii], [Oi] 63 and [Oiii] 88 line emission for the subsample of spatially resolved galaxies. Different galaxies are color-coded according to their oxygen abundance. Since abundances are determined for global galaxies, they may not give representative values for the metal abundance on spatially resolved scales. For example, the inefficient ISM mixing of nebular and neutral gas might cause deviations from this global metallicity value on kiloparsec scales (Roy & Kunth 1995; Lebouteiller et al. 2004 SFR calibrations of spatially resolved regions are determined from Levenberg-Marquardt least-squares fitting using the IDL procedure MPFITFUN, which is based on the non-linear leastsquares fitting package MPFIT (Markwardt 2009 ). The MPFIT-FUN procedure only accounts for the uncertainties on the SFR, which assumes that the line luminosities are error-free. While the line measurements are obviously affected by uncertainties inherent to the calibration and/or line fitting techniques, we prefer to account for the uncertainties on the SFR in the fitting procedure since the precision of the SFR estimate is affected by uncertainties on the reference SFR calibrators as well as the the inaccuracy inherent to the applied reference SFR calibrators and, therefore, often larger than the uncertainties on the line measurements. Table 2 summarizes the results of the fitted SFR calibrations:
Observed trends
where Σ line is the FIR line surface density in units of L kpc −2 , Σ SFR is the star formation rate in units of M yr −1 pc −2 and α and β represent the slope and intercept of the best fit. We require that the parameter α can be determined at a > 5σ significance level to determine that two quantities (i.e. SFR and FIR line surface density) are correlated.
The observed trends in Figure 2 in combination with the > 5σ significance of the fitted slope of each trend suggest a correlation between the SFR and [Cii], [Oi] 88 ) are favored given the density and ionization state of the gas . Alternatively, the [Cii] line might saturate at high temperatures and Table A .1). Uncertainties on the FIR line surface densities incorporate the errors due to line fitting as well as calibration uncertainties (taken conservatively as ∼ 30%). The best fitting SFR calibration is presented as a solid, black line. The dispersion of data points around the SFR calibration is indicated at the top of each panel, with the number in parenthesis indicating the scatter for the complete sample with > 5σ detections for all three lines.
Article number, page 5 of 36 densities. The steep slope (α = 1.41) in the spatially resolved SFR-L [OI] A few galaxies (NGC 1705, NGC 2366 and NGC 4861) show diverging behavior in some of the SFR relations. NGC 1705 has a peculiar behavior in the SFR-L [CII] and SFR-L [OIII] relations with weaker line emission relative to its star formation rate. NGC 1705 is a dwarf starburst galaxy dominated by a central super star cluster (SSC) straddled by two dusty off-nuclear regions offset by ∼ 250 pc that dominate the Hα, mid-and far-infrared emission of the galaxy . The chemistry and heating of gas in the off-nuclear positions do not seem to be regulated directly by the central SSC ), but rather exposed to the emission of young, massive stars, produced during a second starburst about 3 Myr ago which was presumably induced by the expanding shell after the first central starburst (Annibali et al. 2009 Table 1 ) might suggest rather diffuse ISM regions in the western and eastern dust emission complexes. Alternatively, optical depth effects might play a role in the two dusty off-nuclear regions. The behavior of NGC 2366 and NGC 4861 is mainly divergent in the SFR-L [CII] and SFR-L [OI] relations, whereas the [Oiii] 88 emission correlates remarkably well with the SFR, suggesting that the gas around massive star clusters is mostly ionized and that PDRs only occupy a limited volume of the ISM.
The different galaxies cover a wider range in the SFR-Σ line relations than is observed within one single object, suggesting that the dispersion in the SFR-Σ line relations is driven by the diversity on global galaxy scales rather than variations in the ISM conditions within individual objects. The SFR-L [CII] relation is most affected by this different behavior of galaxies with a dispersion of 0.32 dex around the fitted SFR calibration. More metal-rich galaxies show lower star formation rates as traced by FUV+MIPS 24 µm than those predicted by our SFR calibration given their [Cii] emission. Sources with lower metal-abundances, on the other hand, preferentially populate the part of the plot representative of weaker [Cii] emission and/or higher levels of star formation. Since the SFR based on FUV+MIPS 24 µm might be underestimated in more metal-poor dwarfs relative to the SFR calibrators Hα+MIPS 24 µm (see Section A.2), the offset of metal-poor dwarf galaxies in the SFR-Σ line relations might even be more pronounced. With a dispersion of 0.22 and 0.21 dex in the SFR-L [OI] and SFR-L [OIII] relations, respectively, the fine-structure lines [Oi] Table A .1). Uncertainties on the FIR line surface densities incorporate the errors due to line fitting as well as calibration uncertainties (taken conservatively as ∼ 30%). The dispersion of data points around the SFR calibration for the resolved DGS sample is indicated at the top of the panel.
pend less on the ISM conditions in galaxies and might, thus, be potentially better SFR indicators compared to [Cii] .
Given that we probe different ISM phases, even on spatially resolved scales of ∼ 100 pc, we try to better approximate the overall cooling budget through FIR lines by combining the surface densities of [Cii] 
where Σ line is the FIR line surface density in units of L kpc −2 , Σ SFR is the star formation rate in units of M yr −1 pc −2 and (α 1 , α 2 , α 3 ) and β represent the slopes and intercept of the best fit.
In the fitting procedure, the different data points are equally weighted and the parameters (α 1 , α 2 , α 3 ) of the slopes are constrained to positive numbers. Similar functions are defined to fit combinations of two FIR lines. Best fitting parameters (including calibration coefficients and dispersion) are presented in Table  2 for all lines, but only for line combinations which improved on the dispersion in the SFR calibrations for single FIR lines. By combining a number of FIR lines, we are able to significantly reduce the scatter (see Figure 3) , confirming the hypothesis that the total gas cooling balances the gas heating under the condition of local thermal equilibrium. This, furthermore, suggests that the specific processes that regulate the cooling in the different gas phases are of minor importance. Although the primary heating mechanisms are very different in the neutral gas phase (photoelectric effect and a variable contribution from cosmic rays and soft X-ray heating), as compared to ionized gas media (photoionization processes), the main goal is to get access to the total heating due to young stellar emission -irrespective of the dominant heating mechanism in different gas phases-by probing the total cooling budget in galaxies. 88 provide accurate estimates of the SFR, which suggests that the cooling in the neutral as well as ionized media needs to be probed to approximate the overall cooling budget in metal-poor galaxies and, thus, trace the star formation activity. However, heating mechanisms not directly linked to the recent star formation activity (e.g soft X-ray heating, Silk & Werner 1969 , which might become substantial in extremely low-metallicity galaxies such as I Zw 18, Péquignot 2008 and Lebouteiller et al. in prep.) might disperse the link between the emission of cooling lines and the star formation rate (see also Sections 3.3 and 4.2).
Scatter in the SFR-L line relation
In this section, we want to analyze what is driving the dispersion in the SFR-L line relations on spatially resolved scales within galaxies by analyzing the trends with several diagnostics for the physical conditions of the interstellar medium. We quantify the dispersion in the respective SFR-L line relations as the logarithmic distance between the SFR as estimated from the reference SFR calibration based on FUV and 24 µm emission and the best fitting line for the spatially resolved SFR-L line relation.
First of all, we analyze a possible link between the scatter and FIR color (as probed by the PACS 100 µm/PACS 160 µm flux density ratio obtained from dust continuum observations), considered a proxy of the dust temperature (or grain charging) under the assumption that the emission in both bands is heated by the same radiation field. Although different radiation fields -originating from star-forming regions or the diffuse interstellar radiation-have been shown to contribute to the emission in farinfrared and submillimeter wavebands (e.g. Bendo et al. 2012a) , the dust emission in dwarf galaxies seems to be due to heating primarily by young stars, even at wavelengths > 160 µm (Galametz et al. 2010; Bendo et al. 2012a) . Figure 4 displays the observed trends between FIR color and dispersion in the SFR-L line relations for [Cii] (top panel) and [Oi] (bottom). The data reduction of PACS 100 and 160 µm photometry maps is described in Rémy-Ruyer et al. (2013a) . The dispersion in the SFR-L [CII] relation (ρ = 0.67) clearly correlates with the FIR colors of galaxy regions in the sense that the finestructure line [Cii] does not seem well-suited as a SFR indicator towards warm far-infrared colors. Low-metallicity galaxies often have warm FIR colors (e.g. Thuan et al. 1999; Houck et al. 2004; Galametz et al. 2009 Galametz et al. , 2011 Rémy-Ruyer et al. 2013a) , which could explain why galaxies such as NGC 2366 and NGC 4861 show an offset in the SFR-L [CII] relation compared to more metal-rich galaxies. For increasing dust temperatures, the grain charging parameter increases and, therefore, the photoelectric heating efficiency decreases, diminishing the line cooling (see also Section 4.3.2). We observe a similar but more moderate correlation with FIR color for [Oi] 63 (0.51 dex). Similar plots for [Oiii] 88 are not shown here, since the line emission arises from the ionized gas component, where photo-ionization processes dominate the heating and no physical motivation exists for a correlation with FIR color. Figure 5 shows the behavior of the scatter in the SFR-L Table A .1). Uncertainties on the PACS line ratios incorporate the errors due to map making as well as calibration uncertainties (5%). The Spearman's rank correlation coefficients are presented in the top right corner. In parentheses, we show the dispersion for the complete galaxy sample, i.e. galaxy regions which have > 5σ detections for all three lines [Cii] phase with higher values implying large filling factors of diffuse highly-ionized gas with respect to neutral media. The latter interpretations of line ratios are based on the assumption that most of the [Cii] emission arises from PDRs rather than diffuse ionized gas media and that also [Oi] 63 emission can be identified merely with PDRs. However, the interpretation of this line ratio might differ for low-metallicity galaxies, where the filling factors of PDRs are considered to be low based on the weak emission of several PDR tracers (e.g. PAH, CO).
line ratios in dust deficient objects might, thus, have a different origin than warm and/or dense PDRs. Péquignot (2008) have shown that low-ionization line emission in neutral gas media can be produced by a pseudo-PDR with similar lines as PDRs but with soft X-rays as the dominant heating mechanism (see also Lebouteiller et al. in prep) .
There Table 2 . Overview of the calibration coefficients for SFR calibrations based on the spatially resolved (top) and global galaxy (bottom) DGS sample. The first column indicates the FIR fine-structure line(s) used in the SFR calibration, with the number of data points, slope, intercept and dispersion of the best fitting line presented in columns 2, 3, 4 and 5, respectively. In parentheses, we show the dispersion for the complete galaxy sample, i.e. galaxy regions or global galaxies which have > 5σ detections for all three lines [Cii] with the scatter in the SFR-L [CII] relation (ρ = 0.87) implies that the [Cii] line is not a good tracer of the star formation activity in regions where the ionized gas phase occupies an important part of the ISM volume. Although the [Cii] line could also regulate the cooling in ionized gas media besides being the dominant coolant in neutral PDRs, the harder radiation field at lower metallicities will produce hard photons capable of ionizing O + (IP = 35.1 eV). Since the ionization potential of C + is only 24.4 eV, carbon might thus easily become doubly ionized in diffuse ionized gas media resulting in most of the carbon being locked in C ++ rather than C + . In particular, metal-poor regions seem affected by large filling factors of highly ionized media, which questions the ability of [Cii] to trace the SFR in those environments.
Global galaxy SFR-L line relation
In the previous section, we analyzed the observed trends and scatter in the SFR-L line relations for a subsample of spatially resolved galaxies down to hectoparsec scales. We verify whether the trends and scatter remain present on global galaxy scales, when averaged out over the different ISM phases. For this analysis, we consider all galaxies with GALEX FUV and MIPS 24 µm observations (32 out of 48 galaxies), including the resolved sources from Section 3 with their line and continuum flux measurements reduced to one data point. The extension of the subsample of spatially resolved galaxies to the entire DGS sample broadens the range covered in metallicity from 0.03 Z (I Zw 18) to 0.5 Z (HS 2352+2733) and in SFR from 0.001 M yr −1 (UGC 4483) to 43 M yr −1 (Haro 11) as traced by FUV+24 µm. 
Global fluxes
For global galaxy fluxes of FIR lines, we rely on the aperture photometry results for fine-structure lines reported in Cormier et al. (in prep.) , where FIR line fluxes within apertures covering the brightest fine-structure line emission are computed. We assume a 30% calibration error on top of the uncertainties that result from line fitting. In some cases, the [Cii] emission for 6 galaxies using the same techniques as Cormier et al. (in prep.) . For NGC 6822, we only include the FIR line measurements from the Hii region Hubble V, since it is the only area in NGC 6822 covered in all three lines.
Corresponding GALEX FUV and MIPS 24 µm fluxes are obtained from aperture photometry using the central positions and aperture sizes applied to the FIR fine-structure lines. Table B.1 gives an overview of the aperture photometry results for GALEX FUV and MIPS 24 µm bands. For point sources, GALEX FUV and MIPS 24 µm measurements usually correspond to total galaxy fluxes. Total MIPS 24 µm fluxes for point sources are adopted from Bendo et al. (2012b) and are indicated with an asterisk in column 5 of Table B.1. In some cases, the FUV data show an extended tail of emission (HS 1442+4250, UGC 04483, UM 133) with no counterpart in MIPS 24 µm nor PACS maps. Rather than measuring the global FUV emission for these galaxies with a cometary structure, we rely on aperture photometry within apertures that encompass the brightest 24 µm emission features. In this manner, we avoid overestimating the total SFR for these galaxies by neglecting the FUV emission that was either not covered in our Herschel observations or did not show any dust emission, suggesting that little dust is present in those areas. Table B .1 reports the FUV flux densities within those apertures, but also provides in parentheses the photometry results for apertures encompassing the total FUV emission. Figure 6 presents the SFR-L line relations on global galaxy scales for DGS sources with GALEX FUV and MIPS 24 µm observations. Based on the observed trends, SFR calibrations are derived from linear regression fits:
Observed trends
where L line is the FIR line luminosity in units of L , S FR is the star formation rate in units of M yr −1 and α and β represent the slope and intercept of the best fit. Table 2 (see bottom part) summarizes the calibration coefficients (slope, intercept) retrieved from the fits and the dispersion of data points around the best fit.
With the slopes of all best fitting lines determined with at least 5σ significance, we are confident that the SFR also correlates with the [Cii], [Oi] 63 and [Oiii] 88 line emission on global scales. The smallest dispersion (0.25 dex) and strongest constraint on the slope (S/N ∼ 19) could be obtained for the [Oi] 63 line, from which the SFR can be determined with an accuracy of 80%. The [Oiii] 88 line probes the SFR with a precision factor of 2, while the link between the SFR and [Cii] line is more dispersed and results in an estimated SFR inaccurate by a factor of ∼ 2.4. The top panel of Figure 6 includes previous SFR calibrations reported in De Looze et al. (2011) 5 (red dashed line) and 5 The SFR calibration in De Looze et al. (2011) was derived based on the reference SFR tracers GALEX FUV and MIPS 24 µm and the Sargsyan et al. (2012) (blue dashed-dotted line). The SFR-L [Cii] calibration derived for the DGS sample 6 has a shallower slope (α = 0.84) compared to the nearly one-to-one correlation obtained in De Looze et al. (2011) and Sargsyan et al. (2012) , which can be attributed to a decreasing [Cii] emission towards lower metal abundances. For [Cii] and [Oiii] 88 , the SFR seems qualitatively linked in the same way to the line emission on global galaxy and spatially resolved scales. On spatially resolved scales, the slope of the SFR calibrations for [Oi] 63 (α = 1.41) differs from the correlation observed on global galaxy scales (α = 0.94).
Compared to the dispersion in the spatially resolved SFR-L line relations, the averaging over the different ISM phases on global galaxy scales does not reduce the scatter in the observed SFR-L line trends. This again shows that the dispersion in the SFR relations is not driven by variations within one single galaxy but rather originates from the diversity of ISM conditions in a large sample of galaxies covering wide ranges in metallicity. The dispersion is largest in the SFR-L [CII] trend (0.38 dex) as compared to the SFR-L [OIII] (0.30 dex) and SFR-L [OI] (0.25 dex) relations. For a sample of similar size (24 galaxies), the SFR calibration for [Cii] presented in De Looze et al. (2011) reports a 1σ dispersion of only 0.27 dex. Part of the increased scatter observed for the DGS sample might be attributed to the uncertainties on the reference SFR tracer, which was shown to be sensitive to the star formation history and, possibly, the grain properties of metal-poor dwarf galaxies (see Sections A.2 and A.3). We argue, however, that the significant scatter in the SFR-L [Cii] relation indicates the large variety of ISM conditions (i.e. gas density, radiation field, filling factors of neutral and ionized gas, excitation conditions) probed in the DGS galaxy sample (see Section 4.3). This diversity might not be surprising given the different morphological classifications (e.g. blue compact dwarfs, low-surface brightness objects, Luminous Infrared Galaxies, interacting galaxies) of the dwarf galaxies in the DGS sample.
On global galaxy scales, the [Oi] 63 line is considered a better intrinsic tracer of the SFR for the DGS sample compared to [Cii] and [Oiii] 88 , which suggests that the fraction of gas heating in warm and/or dense PDRs is a good approximation of the level of star formation activity across a wide range of metallicities. We do need to caution that the [Oi] 63 emission in extremely metal deficient objects is not necessarily linked to the classical PDRs, but might rather be powered by soft X-rays. Since lowmetallicity galaxies with comparable levels of star formation activity might exhibit very different radiation fields, they can show strong variation in their [Cii] and [Oiii] 88 emission (see also Section 4.3). In hard radiation fields, the O + and C + atoms will easily become ionized, suggesting that high-ionization lines such as [Oiii] 88 and [Ciii] will dominate the cooling. Galaxy regions exposed to softer radiation fields will lack the highly ionized gas components and their cooling will be regulated by elements with lower ionization potentials.
To better approximate the overall gas cooling budget in galaxies, and, hereby, the heating through star formation under the assumption of local thermal equilibrium, we attempt to fit SFR calibrations with different combinations of FIR lines of the scaling factor α = 6.31 as derived by Zhu et al. (2008) . Recalibrating their relation with the scaling factor (α = 3.89) applied in this paper would only shift their relation by 0.2 dex at most. 6 Although the [Cii] luminosity range in De Looze et al. (2011) ] [L ] ≤ 9.1) does not extend to the faintest [Cii] luminosities for galaxies, it largely overlaps with the L [CII] range covered by DGS sources while the SFR relation in Sargsyan et al. (2012) was calibrated for higher [Cii] 
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form:
By combining the emission of two or three FIR lines (Cii], [Oi] 63 and [Oiii] 88 ), we do not improve on the scatter in the SFR calibrations on global galaxy scales. The combination of the brightest FIR lines on spatially resolved scales of about 100 pc did diminish the scatter in the SFR-L line relations, suggesting that other cooling lines (potentially in the optical wavelength domain) and/or gas heating mechanisms (unrelated to star formation) become important on global galaxy scales.
Scatter in the SFR-L line relation
In this section, we focus on identifying the parameters that drive the dispersion in the SFR-L line relations.
Metal abundance
Relying on the shallow slopes in the SFR calibrations for the DGS sample (as compared to the slopes for the literature sample in Section 5) and the color-coding of galaxies according to metal abundance in Figure 6 , there is evidence of a trend of metal-poor dwarfs being shifted towards weaker line emission in the SFR-L line relations. 88 lines do not seem to add significantly to the overall gas cooling. Since the SFR is unlikely to be overestimated for these galaxies based on FUV+MIPS 24 µm (see comparison with other SFR tracers in Section A of the Appendix), the offset of these extremely dust deficient galaxies might suggest that other lines dominate the cooling processes (e.g. Ly α). The gas heating might, alternatively, be dominated by heating mechanisms other than the photoelectric effect (e.g. soft X-ray heating, mechanical heating, cosmic rays), which could disperse the link between the emission of cooling lines and the SFR. For I Zw 18, the heating has indeed been shown to be dominated by soft X-ray heating (Péquignot 2008 and Lebouteiller et al. in prep.) , which is likely to also affect the SFR-L line relations.
The shallow slope in the SFR calibrations for metal-poor dwarfs and the weak correlations in Figure 7 suggest that the metal abundance has an effect on the quantitative link between the SFR and FIR line emission (in particular for [Cii] ). The cause of this different behavior towards lower metallicities most likely originates from multiple effects. We give an overview of the possible influence that the metal abundance can have on the ISM properties of galaxies and whether this provides a valid explanation for the offset in the SFR-L line relations: -In low abundance galaxies, the fraction of metals is lower in the solid as well as gas phase. The lower abundance of grains should not affect the photo-electric heating to first order, since it will be compensated for by higher heating rates (i.e. increased releases of photo-electrons), resulting in overall warmer grains. Similarly, the lower abundances of C and O in the gas phase will be balanced by higher line cooling rates. Under the assumption of thermal equilibrium, the energy input from young stars should thus still be linked to the total heating and cooling budget in galaxies with lower abundances. Deficits of species like C and N could however occur relative to the O/H abundance (used here to measure metallicity via the relative O abundance) which could result in relatively less cooling provided by the C lines. -Assuming that the porosity of the ISM increases in metal deficient environments, the escape fraction of (non-)ionizing photons might become more important with decreasing metallicity. In case of radiation escaping from the galaxy, the energy input for the heating of dust and gas through the photo-electric effect decreases. -Stars at lower metallicities have higher effective temperatures due to line blanketing effects. For a given stellar age and mass, they will produce more hard photons than at solar luminosities. Due to the longer mean free path lengths of UV photons in dust deficient media, the ionization of gas and participation in the gas/dust heating persist over large distances from the ionizing sources in star-forming complexes. As a consequence of the longer distances traversed by ionizing photons, the C + -emitting zone in galaxies could be enlarged compared to higher metallicity environments due to the deeper penetration of FUV photons capable of photodissociating CO molecules (e.g. Poglitsch et al. 1995; Israel et al. 1996; Madden et al. 1997; Israel & Maloney 2011) . On global galaxy scales, the filling factor of ionized gas phases will enlarge due to the hardness of the radiation field and the transparency of the ISM in low metallicity objects. Other than changing the structure of the ISM and its gas phases, hard radiation fields can enhance grain charging, making grains less efficient for the photo-electric effect that dominates the heating processes in neutral gas media (e.g. Tielens & Hollenbach 1985a; Malhotra et al. 1997; Negishi et al. 2001; Croxall et al. 2012; Farrah et al. 2013 ). -Grain properties have been shown to vary in objects of lower metal abundance. First of all, PAH emission has been shown to decrease below 12 + log(O/H) ∼ 8.1 (Boselli et al. 2004; Engelbracht et al. 2005; Jackson et el. 2006; Madden et al. 2006; Draine et al. 2007; Engelbracht et al. 2008; Galliano et al. 2008) . Secondly, the abundance of very small grains grows drastically relative to the large grain population due to the fragmentation of those large grains through shocks experienced in the turbulent ISM (Jones et al. 1996; Lisenfeld et al. 2002; Galliano et al. 2003 Galliano et al. , 2005 . Knowing that PAHs and very small grains are the main contributors to the photoelectric effect, the outcome on the gas heating efficiency and the subsequent gas cooling remains a puzzle. Different grain properties could also bias the use of mid-infrared emission at 24 µm as a SFR tracer. The analysis in Section A.3 however shows that MIPS 24 µm does not appear severely affected by metallicity as SFR diagnostic.
Dust temperature
On spatially resolved galaxy scales, the applicability of [Cii] as a SFR indicator seems hampered in galaxy regions with warm FIR colors (see Section 3.3). In this section, we verify whether this trend persists on global galaxy scales and whether it is linked to the metal abundance of objects. Rather than using the PACS 100-to-PACS 160 µm line ratios, we rely on the dust temperatures determined by Rémy-Ruyer et al. (2013a) from a modified blackbody fitting routine with variable dust emissivity index β. Based
Relation between the dispersion from the SFR calibrations for [Cii] (top), [Oi] 63 (middle), [Oiii] 88 (bottom) as a function of oxygen abundance, 12+log(O/H), on global galaxy scales. Galaxies are colorcoded according to metallicity with increasing oxygen abundances going from black over blue, green and yellow to red colors. The Spearman's rank correlation coefficients are indicated in the top right corner. In parentheses, we show the dispersion for the complete galaxy sample, i.e. global galaxies which have > 5σ detections for all three lines [Cii] on the SED fitting results from Rémy-Ruyer et al. (2013a) , we can constrain the dust temperatures of 25 out of 32 galaxies. Figure 8 shows the observed trends between the scatter in the SFR-L line relations and dust temperature T d . SBS 0335-052 has an unusually high dust temperature (∼ 89 K), which is derived from the peculiar shape of its SED peaking at mid-infrared wavelengths (Houck et al. 2004; Rémy-Ruyer et al. 2013a ). The galaxy I Zw 18 was not detected at PACS 160 µm wavelengths and, therefore, the fitting procedure was not attempted in Rémy-Ruyer et al. (2013a) . Herrera-Camus et al. (2012) estimated a lower limit for the dust temperature T d ≥ 33.7 K based on the PACS 70 µm flux and PACS 160 µm upper limit, which is used to indicate the position of I Zw 18 in the plots of Figure 4 . The dust temperatures of galaxies seem to correlate (weakly) with the dispersion in the SFR calibration for [Cii] (ρ = 0.47) and [Oi] 63 (ρ = 0.44). The global galaxy analysis, hereby, confirms the trends observed in Figure 4 on spatially resolved galaxy scales. With the DGS sources showing a trend of increasing dust temperature with decreasing metal abundance (Rémy-Ruyer et al. 2013a) , the correlation of the dispersion in the SFR-L [CII] and SFR-L [OI] relations with dust temperature seems -at least in part-related to the metallicity of DGS sources.
Higher dust temperatures result from the increased hardness of the radiation field and transparency of the ISM towards lower metallicities, which enhances the ionization of gas. In combination with the longer mean free path lengths of ionizing photons in metal-poor galaxies, the filling factors of ionized gas media are bound to grow drastically. More UV photons might, furthermore, reach the neutral PDR gas in low metal abundance environments, where the hard radiation field reduces the PAH abundance and/or charges dust grains in PDRs (e.g. Engelbracht et al. 2005; Madden et al. 2006 ) and might reduces the efficiency of the photo-electric effect. Therefore, we argue that [Cii] and [Oi] 63 are unreliable SFR tracers in regions exposed to hard radiation fields.
ISM structure
Similar to the spatially resolved analysis of Section 3.3, we verify whether the dispersion in the SFR-L line trends is related to the relative ISM filling factors of neutral and diffuse, ionized gas. High [Oi] (from -0.4 to 0.6) suggests that the relative filling factors of PDRs and ionized media can differ significantly from one galaxy to another, depending on the hardness of the radiation field, excitation conditions and filling factor of lowdensity gas relative to compact gas clumps. Therefore, the large variety of averaged ISM conditions in the DGS sample is considered to give rise to the huge scatter in the SFR relations, in particular for [Cii] . Figure 9 displays the dispersion from the SFR calibration for [Cii] 63 line emission in extremely metal-poor dwarf galaxies might originate from regions where heating mechanisms other than the photoelectric effect (e.g. soft X-ray heating, mechanical heating, shock heating, etc.) become important and disperse the SFR-L line relations. In I Zw 18, the gas heating in the neutral phase is dominated by soft X-rays, which prevents a direct link between line cooling and the heating by UV photons or, thus, star formation activity (Péquignot 2008, Lebouteiller et al. in prep.) 
Prescriptions for extending the SFR calibrations to other galaxy samples
In this section, we derive SFR calibrations for different galaxy populations. Hereto, we gather FIR fine-structure line measurements from the literature for dwarf galaxies, starbursts, UltraLuminous InfraRed Galaxies (ULIRGs), galaxies harboring an active galactic nucleus (AGN) and high-redshift galaxies (ranging from z = 0.5 to 6.6). The entire galaxy sample constitutes of 
Literature sample
The literature sample of the local Universe (z < 0.5) was assembled from FIR line measurements published based on ISO observations in Brauher et al. (2008) 
Source classification
We classify galaxies as dwarfs if the criterion L H < 10 9.6 L H, is fulfilled, similar to the selection procedure applied in Boselli et al. (2008) . We do not distinguish between the different classifications of dwarf galaxies (e.g. blue compact dwarfs, late-type spirals, Magellanic irregulars).
For the more massive galaxy populations, we make a distinction between the dominant power source for infrared emission, i.e. star formation or AGN activity. To homogenize the classification of starburst, composite and AGN sources for the different literature datasets, we adapt the source classification of Sargsyan et al. (2012) to the selection criteria used in Díaz-Santos et al. (2013) based on the equivalent width (EW) of the mid-infrared PAH feature at 6.2 µm. More specifically, galaxies are considered to be AGN-dominated if EW (PAH 6.2 µm) 0.3 and classified as pure starburst if EW (PAH 6.2 µm) 0.5. Galaxies characterized by intermediate equivalent width values are considered composite sources, i.e. with starburst and AGN contributions to the mid-infrared features. Applying these selection criteria results in the classification of 94 composite/AGN sources and 7 starburst galaxies from the galaxy sample presented in Sargsyan et al. (2012) , among which 19 can be classified as ULIRGs. The GOALS sample consists of 129 starburst galaxies and 77 AGN or composite sources, among which 2 can be assigned ULIRGs. Based on the optical source classification of Farrah et al. (2013) , we identify 6 Hii-dominated/starburst galaxies and 18 LINER/Seyfert galaxies. For the Brauher et al. (2008) sample, we use an optical classification similar to De Looze et al. (2011) to distinguish between purely star-forming objects (37 Hii/starburst galaxies) and objects with power sources other than star formation (36 transition/LINER/Seyfert galaxies). Galaxies with no or an uncertain object classification on the NASA Extragalactic Database (NED) were omitted from our sample. The Brauher et al. (2008) sample, furthermore, includes 10 dwarf galaxies. Based on the optical source classification for the SHIN-ING sample (Survey with Herschel of the Interstellar Medium in Nearby Infrared Galaxies, Fischer et al. 2010; Sturm et al. 2010; Graciá-Carpio et al. 2011, Graciá-Carpio et al. in prep.) , we identify 20 starburst galaxies and 36 composite or AGN sources, among which 21 objects fulfill the criterion for ULIRGs (L IR > 10 12 L ). We classify the central region of M51 as Hii-dominated, since Parkin et al. (2013) argue that the AGN in M51 does not significantly affect the excitation of gas. To verify that the optical source classification is consistent with the classification based on the equivalent width (EW) of the mid-infrared PAH feature at 6.2 µm, we compare the results for a subsample of 19 galaxies from the SHINING sample with measurements of EW (PAH 6.2 µm) reported in Stierwalt et al. (2013) for all objects of the GOALS sample. The optical classification coincides with the limits in EW (PAH 6.2 µm) to distinguish between pure starbursts and composite/AGN sources, except for 5 ULIRGs. The high level of obscuration in ULIRGs impedes the classification, but since we treat ULIRGs as a separate population with L IR > 10 12 L distinct from starburst and composite/AGN galaxies with lower infrared luminosities, we are confident that the different methods applied for the source classification are consistent for galaxies with L IR < 10 12 L .
Reference SFR calibrator
For dwarf galaxies, we estimate the SFR from the same combination of (un)obscured SFR tracers (GALEX FUV) used for the DGS sample (see Section 2.3). We use the GALEX FUV and MIPS 24 µm flux measurements reported in De Looze et al. (2011), when available. For the remaining sources, we retrieve GALEX FUV fluxes from the GALEX catalog 9 . Catalog FUV measurements have been corrected for Galactic extinction according to the recalibrated A V in Schlafly et al. (2011) from Schlegel et al. (1998) , as reported on the NASA/IPAC Extragalactic Database, and assuming an extinction law with R V = 3.1 derived in Fitzpatrick et al. (1999) . Relying on the conclusions drawn in Kennicutt et al. (2009) for the SINGS galaxy sample, we assume that the emission from MIPS 24 µm and IRAS 25 µm can be used interchangeably. We collect IRAS 25 µm flux densities from the IRAS Revised Bright Galaxy Sample (Sanders et al. 2003) or, alternatively, from the IRAS Faint Source Catalog (Moshir & et al. 1990 ).
For all other galaxies in the literature sample, we estimate the star formation rates based on the TIR luminosity (L TIR 10 , 8 -1000 µm) and the SFR calibration reported in Hao et al. (2011); Murphy et al. (2011) (see also Table A.1). Total-infrared luminosities are reported in Sargsyan et al. (2012) and Farrah et al. (2013) . For the SHINING sample, we compute FIR (42.5-122.5 µm) luminosities from the Herschel continuum flux densities at 63 and 122 µm, which could be determined based on a proper continuum estimation from the [Oi] 63 and [Nii] 122 line observations (see Graciá-Carpio et al. in prep.) . Constraining the FIR luminosities in this manner (rather than relying on the total IRAS flux densities to compute FIR) allows us to determine the infrared emission within the same regions as the PACS line observations, preventing any overestimation of the SFR for galaxies only partly covered by Herschel spectroscopy observations. For the Brauher et al. (2008) sample, we use the IRAS flux densities at 12, 25, 60 and 100 µm to compute the TIR lu-9 http://galex.stsci.edu/GR6/ 10 Often FIR luminosities (42.5-122.5 µm) are reported, while the SFR calibration requires the total infrared luminosity, L TIR (see Table A .1). We use a common conversion factor of 1.75 to translate the quoted farinfrared into total infrared luminosities, following Calzetti et al. (2000) . Some authors apply the convention that L FIR is the luminosity in the wavelength range 40-500 µm. We convert the latter FIR luminosities to L TIR using a conversion factor of 1.167, following the factor of 1.75 (Calzetti et al. 2000) to convert from FIR (42.5-122.5 µm) to TIR (8-1000 µm) and the conversion factor L 40-500µm = 1.5×L 42.5-122.5µm (Sanders et al. 2003) . minosity based on the formulas from Sanders & Mirabel (1996) . Similarly, the IRAS 60 and 100 µm flux densities are used to compute L FIR and converted to L TIR using a correction factor of 1.75 for the GOALS sample. The SFR in M51 is estimated from total-infrared luminosity in the central 80 region, reported in Parkin et al. (2013) . Table B .2 summarizes the FIR line measurements obtained from the literature for high-redshift sources and, furthermore, quotes the total-infrared luminosity and star formation rates of high-redshift sources derived in this manner. Since the uncertainties on the line and FIR luminosities (and thus SFR estimates) for high-redshift galaxies depend strongly on the uncertainty of their assumed distance -relying on a specific cosmological model with underlying uncertainties-as well as a possible magnification factor for lensed sources, we safely assume a conservative uncertainty of 50% on both the line luminosity and SFR estimate.
Tables B.3, B.4 and B give an overview of the galaxies classified as dwarfs, Hii/starburst and AGN, respectively, and indicate their name, luminosity distance D L , reference for their FIR line measurements, total infrared luminosity (8-1000 µm) and SFR. In both tables, ULIRGs are indicated with an asterisk behind their name.
Comparison ISO-Herschel
Since the literature sample is composed of Herschel and ISO fluxes, we need to verify whether the spectroscopic flux calibration of the Herschel PACS and ISO LWS instruments are compatible. Hereto, we assemble the ISO fluxes from the Brauher et al. (2008) catalog for galaxies in our literature sample with Herschel measurements. We only consider galaxies which are classified as unresolved with respect to the LWS beam in Brauher et al. (2008) (bottom) . DGS dwarf galaxies, Hii/starburst galaxies and composite, LINER or AGN sources are presented as red diamonds, blue asterisks and purple triangles, respectively. ULIRGs with L FIR > 10 12 L are indicated as orange crosses. High-redshift sources can be identified as green squares while upper limits for high-redshift objects are shown as black arrows. The black solid line shows the best fitting relation for the entire galaxy sample, while the red, cyan, purple, orange and green dashed curves represent the SFR calibrations derived for separate galaxy populations, i.e. dwarf galaxies, starbursts, AGNs, ULIRGs and high-redshift sources, respectively. The 1σ dispersion of the entire galaxy sample around the best fit is indicated in the bottom right corner of each panel. 
SFR-L line calibrations
For the sample of literature data, we derive SFR calibrations for each of the fine-structure lines [Cii] , [Oi] 63 and [Oiii] 88 , as well as combinations of all lines based on the IDL procedure MPFITFUN and similar functions as defined in Eq. 3 and 4. To identify a correlation between the SFR and FIR line luminosities, we again require that the parameter α is determined at the >5σ significance level. The best fitting SFR calibrations are presented in Table 3 well as the number of galaxies used for the calibration, the slope and intercept of the best fitting line and the dispersion (or the precision on the SFR estimate in parentheses) are provided. The SFR calibrations for the entire galaxy sample allow us to compare the different FIR lines and their applicability to trace the star formation across a large sample of galaxy populations. Although all correlations are significant, the large dispersion in the SFR-L line relations (ranging from 0.42 to 0.66 dex) immediately tells us that [Cii] , [Oi] 63 and [Oiii] 88 are unreliable SFR tracers when calibrated for the entire literature sample. In particular, the link of the [Oiii] 88 emission with the SFR appears to depend strongly on galaxy type.
To improve the applicability of each of the FIR lines as a SFR diagnostic, we derive separate SFR calibrations for each of the different galaxy populations in the literature sample, i.e. dwarf galaxies 11 , Hii/starburst galaxies, composite/AGN sources, ULIRGs and high-redshift galaxies. All galaxy subpopulations are exclusive, i.e. the ULIRG population consists of starburst, composite and AGN galaxies, but the starburst and AGN samples do not contain ULIRGs to prevent SFR calibrations biased by the line deficits observed in ULIRGs. For every galaxy population, the fitting of a combination of FIR emission lines to probe the SFR was attempted (according to formula 4) with the aim of decreasing the scatter in the SFR calibrations. Zhao et al. (2013) have shown that [Nii] 205 is a potentially powerful SFR indicator in local Luminous InfraRed Galaxies (LIRGs) as well as in the more distant Universe.
Prescriptions for different galaxy populations
Compared to the scatter in the SFR calibrations for the entire literature sample, the dispersion for each of the separate galaxy populations is significantly reduced (see Table 3 ). Given that the dispersion in the SFR relations also differs significantly among galaxy populations and for the different FIR lines, the correlation between the SFR and FIR lines is clearly dependent on galaxy type. As a guideline, we briefly summarize the reliability of the three FIR fine-structure lines [Cii] , [Oi] 63 and [Oiii] 88 to trace the SFR in each of the following galaxy populations:
Metal-poor dwarf galaxies
The most reliable estimate of the SFR in metal-poor dwarf galaxies can be derived from the [Oi] 63 luminosity following the calibration:
with an uncertainty factor of ∼ 1.9. The star formation activity can be traced with a precision of factor ∼ 2 and ∼ 2.3 from the [Oiii] 88 and [Cii] lines, respectively, based on:
and log S FR = −5.73 + 0.80 × log L [CII] .
All SFR calibrations for metal-poor dwarf galaxies have shallower slopes compared to the entire literature sample, due to their decreasing FIR line luminosity towards lower metal abundances (see Section 4.3.1). Table 3 . Prescriptions to estimate the SFR from the relation log S FR [M yr
depending on galaxy type, i.e. metal-poor dwarf galaxies, Hii/starburst galaxies, composite or AGN sources, ULIRGs and high-redshift galaxies. The first and second column indicate the FIR fine-structure line(s) and number of galaxies used in the SFR calibration, with the slope(s) α, intercept β and dispersion of the best fitting line for the different samples presented in columns 3, 4 and 5. Between parenthesis, we note the uncertainty factor on the derived SFR estimates corresponding to the dispersion in the relation. 
SFR calibrator Number of galaxies
4).
(b) The number of galaxies and/or FIR line luminosity range was insufficient to constrain the slope and intercept of the best fitting line. Therefore, the fitting procedure was performed for a fixed slope of 1.
Starburst galaxies
The [Cii] and [Oi] 63 lines can estimate the SFR in starburst galaxies within a precision of ∼ 90% and ∼ 60%, respectively, following the calibrations: log S FR = −7.06 + 1.00 × log L [CII] ( 8) and log S FR = −6.05 + 0.89 × log L [OI] .
The SFR calibration for [Cii] is not very different from previous calibrations obtained by De Looze et al. (2011) and Sargsyan et al. (2012) for normal-star forming galaxies and starbursts, respectively (see Fig. 11 ), which suggests that the [Cii] line is linked to star formation in all galaxies extending from low levels of star formation activity (S FR ∼ 0.1 M yr −1 ) to extremely active starbursts (S FR ∼ 100 M yr −1 ). For [Oiii] 88 , we only had 9 [Oiii] 88 line fluxes from Herschel after excluding the ISO measurements, resulting in the following SFR calibration with an accuracy of ∼ 70% on the estimated SFR:
log S FR = −3.89 + 0.69 × log L [OIII] .
(10)
Since [Oiii] 88 emission requires highly ionized gas of low density, it is not surprising that the [Oiii] 88 emission is weaker in starburst galaxies (with an average [Oiii] 88 /[Oi] 63 line ratio of 0.4 in starburst as compared to 3 in dwarfs), where gas densities are also higher and mean free path lengths shorter. Although the hard radiation to ionize O + is likely present in local starbursts, the radiation is produced in compact, dusty regions, prohibiting the high-energy photons to reach the lower density gas surrounding the dense cores (e.g. Abel et al. 2009 ).
Composite/AGN sources
The SFR calibrations are more dispersed for composite and AGN sources compared to starburst galaxies. The substantial scatter might be due to a possible contribution from dust heated by the AGN to the total infrared luminosity (e.g. Sargsyan et al. 2012) . Alternatively, some AGNs appear to show line deficits similar to ULIRGs caused by highly charged dust grains which limit the photoelectric heating efficiency (Tielens & Hollenbach 1985a; Malhotra et al. 1997; Negishi et al. 2001; Croxall et al. 2012; Farrah et al. 2013 ) and/or high dust-to-gas opacities due to an increased average ionization parameter (e.g. Graciá-Carpio et al. 2011; Díaz-Santos et al. 2013; Farrah et al. 2013) . Part of the dispersion for the [Oi] 63 line might be caused by selfabsorption and optical depth effects as well as the excitation through shocks 12 .
The star formation activity in AGNs can be constrained up to a factor of ∼ 2.3 based on all three lines:
log S FR = −5.46 + 0.87 × log L [OIII] . 
Ultra-Luminous InfraRed galaxies
Since the ULIRG sample does not cover a sufficient range in luminosity to constrain the slope of the SFR calibration, we fix the slope to a value of 1 (similar to the slope for the entire literature sample) and determine the intercept from the fitting procedure. The SFR calibrations for ULIRGs are offset by about 0.5 to 1.0 dex from starbursts and AGNs due to line deficits relative to their total-infrared luminosity, which are caused either by the compactness of the size of starburst regions (e.g. Graciá-Carpio et al. 2011; Díaz-Santos et al. 2013; Farrah et al. 2013) and/or enhanced grain charging in regions with high G 0 /n H values (Tielens & Hollenbach 1985a; Malhotra et al. 1997; Negishi et al. 2001; Croxall et al. 2012; Farrah et al. 2013 ). Interestingly, the occurrence of line deficits has been shown to coincide with the transition between two different modes of star formation (Graciá-Carpio et al. 2011), i.e. the star-forming disk galaxies populating the main sequence in the gas-star formation diagrams and ultra-luminous gas-rich mergers with elevated levels of star formation for the same gas fractions (Daddi et al. 2010; Genzel et al. 2010) .
With a fixed slope of 1, the SFR can be determined from the [Cii], [Oi] 63 and [Oiii] 88 luminosities within uncertainty factors of 2, 2.1 and 2.5, respectively, and using the calibrations:
log S FR = −6.23
log S FR = −5.80
The SFR calibrations derived from our sample of ULIRGs are offset from the SFR calibrations reported by Farrah et al. (2013) in the sense that our SFR estimates are 2 to 4 times higher. Given that our literature sample contains the same ULIRGs presented in Farrah et al. (2013) , we believe the difference in the SFR estimate can be attributed to the reference SFR tracer that was used to calibrate the SFR relations. While we rely on the TIR luminosity and the SFR(TIR) calibration presented in Hao et al. (2011 ), Farrah et al. (2013 use the PAH luminosity and the SFR(PAH) relation presented in Farrah et al. (2007) .
High-redshift galaxies
As [Cii] observations in high-redshift galaxies have been more popular than other FIR fine-structure lines, we can report a relatively reliable SFR calibration for the [Cii] line, based on:
Most high-redshift sources follow the trend of local starbursts and AGNs but with significant dispersion (0.40 dex), which results in an uncertainty factor on the SFR estimate of about 2.5. The large scatter can be attributed to some high-redshift galaxies, revealing similar 
and log S FR = −6.89
The scatter in the SFR relations for [Oi] 63 quickly increases with only 6 high-redshift detections resulting in an uncertainty factor of ∼4.4 on the SFR estimate. The [Oi] 63 detections from Sturm et al. (2010) , Coppin et al. (2012) and Ferkinhoff et al. (2014) suggest that the line emission is significantly brighter at high-redshift compared to the SFR calibration derived in the local Universe, which could imply that the ISM in those early Universe objects is warmer and denser compared to average conditions in the local Universe. The [Oi] 63 line might, however, easily become optically thick and could be hampered by other excitation mechanisms (e.g. shocks) in dusty high-redshift galaxies, especially during merger episodes. We furthermore need to caution that the few [Oi] 63 detections of high-redshift galaxies might be biased towards hot, dense objects given the difficulty to detect [Oi] 63 at high redshift. One exception is the intermediate redshift (z = 0.59) galaxy IRAS F16413+3954 (Dale et al. 2004) , which shows a similar [Oi] 63 deficit as local ULIRGs. More [Oi] 63 detections at high-redshift sources are mandatory to infer the behavior of this line with the star formation activity in early Universe objects.
Based on the high-redshift [Oiii] 88 detections and upper limits reported in the literature for 5 galaxies (Ivison et al. 2010b; Ferkinhoff et al. 2010; Valtchanov et al. 2011) , the [Oiii] 88 line might be a potentially powerful tracer of the star formation activity in the early Universe in the absence of [Cii] and with a similar degree of uncertainty on the SFR estimate (factor of ∼ 2.6). Requiring hard radiation to ionize O + , it is not surprising that the [Oiii] 88 line is bright in high-redshift sources, which are known to harbor strong radiation fields (e.g. Magdis et al. 2012) . Aside from the compact star-forming regions, highredshift sources could have low-density components where the chemistry and heating is regulated by the hard radiation field. 
Conclusions
Based on Herschel observations of low-metallicity dwarf galaxies from the Dwarf Galaxy Survey, we have analyzed the applicability of FIR fine-structure lines to reliably trace the star formation activity in galaxies. More specifically, we investigated whether three of the brightest cooling lines in the DGS sample ([Cii] , [Oi] 63 , [Oiii] 88 ) are linked to the star formation rate as probed through a composite SFR tracer (GALEX FUV+MIPS 24 µm). We briefly summarize the results of our analysis:
-On spatially resolved galaxy scales, the [Oiii] 88 line shows the tightest correlation with the SFR (0.25 dex), which provides determination of the SFR with an accuracy of ∼ 60%. Also [Oi] 63 is a reasonably good SFR tracer with 70% uncertainty on the SFR estimate. The spatially relation between [Cii] and the SFR is heavily dispersed and does not allow us to constrain the SFR within a factor of 2. -The dispersion in the SFR calibrations results from the diversity in ISM conditions for the DGS sample covering a wide range in metallicity, rather than from variations within one single galaxy (on spatially resolved scales). -On global galaxy scales, the dispersion in the SFR-L [CII] line ratios -in combination with weak PDR tracers (e.g. PAH, CO)-might be linked to a growing importance of gas heating mechanisms other than the photo-electric effect. -On spatially resolved scales, we can reduce the scatter in the SFR calibration by combining the emission from multiple FIR lines. Ideally, we want to probe the emission from all cooling lines that constitute the total gas cooling budget.
Based on the assembly of literature data, we furthermore analyze the applicability of fine-structure lines [Cii] , [Oi] 63 and [Oiii] 88 to probe the SFR (as traced by the TIR luminosity) in Hii/starburst galaxies, AGNs, ULIRGs and high-redshift objects:
-The [Cii] and [Oi] 63 lines are considered to be the most reliable SFR tracers to recover the star formation activity in starburst galaxies with an accuracy of ∼ 90% and 60%, respectively. The [Oiii] line, on the other hand, is weak and the SFR calibration could not be well constrained due to the low number of Herschel [Oiii] 88 detections in starbursts. -All three FIR lines can recover the SFR from composite or AGN sources with an accuracy of factor ∼ 2.3. The increased scatter in the SFR calibrations for AGNs (as compared to starbursts) might result from a possible AGN contribution to the total infrared luminosity (used to derive the SFR). Alternatively, some AGNs might show line deficits similar to ULIRGs. -ULIRGs are offset from the SFR calibrations for starbursts and AGNs due to line deficits relative to their total-infrared luminosity and, therefore, require separate SFR calibrations. In the first part, the SFR calibration coefficients are provided for several SFR indicators following the prescription log SFR = log L x -log C x . The column "Age range" specifies the lower age limit, the mean age and the age of stars below which 90% of the emission is contributed, respectively. The last column refers to the literature work(s) reporting the calibrations. The second part gives the calibration factors for several composite SFR tracers used to correct the unobscured SFR indicators for extinction, with columns 2 and 3 presenting the calibration coefficients ν and average dispersion in the calibrations, respectively. (2008) found a calibration coefficient ν = 6.31 based on a sample of 187 star-forming non-AGN galaxies, while Hao et al. (2011) found a lower scaling factor ν = 3.89, calibrated on a sample of 144 galaxies retained from the spectrophotometric survey by Moustakas & Kennicutt (2006) (97 objects) and the SINGS survey (47 objects, Kennicutt et al. 2003) . No clear reason has been found to explain the difference in calibration coefficients derived by Zhu et al. (2008) and Hao et al. (2011) .
SFR calibrations
Appendix A: Comparison between different SFR tracers for the DGS sample
Appendix A.1: Limitations of SFR tracers in metal-poor dwarf galaxies
In this work, we rely on the most recent calibrations reported in Kennicutt & Evans (2012) , which are calibrated for an initial mass function (IMF) characterized by a broken power law with a slope of -2.35 from 1 to 100 M and -1.3 between 0.1 and 1 M (Kroupa & Weidner 2003) . Table A .1 gives an overview of the reference SFR calibrations used in this work. SFR calibrations based on single tracers in the first part of Table A .1 predict the SFR in M yr −1 following the prescription log SFR = log L x -log C x , where L x is the SFR indicator in units of erg s −1 and C x represents the calibration coefficients for a specific SFR diagnostic. The second part of Table A .1 provides the calibrations to correct unobscured SFR indicators for extinction.
The empirically derived SFR calibrations from Table A .1 assume a constant star formation rate over time scales comparable to or longer than the lifetime of stars to which the SFR tracers are sensitive. The age range for the SFR tracers used in this analysis are summarized in the second column of Table A.1 and were adopted from Kennicutt & Evans (2012) , with the first, second and third number representing the lower age boundary, the mean age and the age of stars below which 90% of the emission is contributed, respectively. For observations covering an entire galaxy, we sample a wide range in age across the different starforming complexes, sufficient to maintain a constant level of star formation activity when averaging out over different galaxy regions. With low-mass galaxies being dominated by one or only few Hii regions and furthermore characterized by bursty star formation histories (e.g. Mateo 1998; Fioc & Rocca-Volmerange 1999) , the assumption of constant star formation rate might not be valid due to the insufficient sampling of different ages. The SFR calibrations might, therefore, no longer hold. In particular, on spatially resolved scales (i.e. few hundreds of parsec or the size of a typical Hii region for nearby DGS sources achieved in Herschel observations), the sampling of different ages will not suffice to sample the entire age range to maintain a constant star formation activity (i.e. constant SFR across the entire age range) and the SFR calibrations might break down. Therefore, we caution the interpretation of the SFR in the analysis of metal-poor dwarf galaxies, in particular for the spatially resolved analysis in Section 3, in the sense that the unobscured SFR obtained from GALEX FUV might underestimate the "true" level of star formation activity all throughout the galaxy.
Other than the constant SFR, empirical SFR calibrations assume the universality of the initial mass function (IMF). PflammAltenburg et al. (2007) question this universality of the IMF on global galaxy scales, especially in dwarf galaxies, arguing that the maximum stellar mass in a star cluster is limited by the total mass of the cluster with the latter being constrained by the SFR. Neglecting this effect could result in an underestimation of the SFR by up to 3 orders of magnitude. Since the data currently at hand do not allow a proper investigation of any possible deviations from an universal IMF, we apply and derive SFR calibrations in this paper under the assumption of universality of the IMF, but keep in mind that possible systematic effects might bias our analysis. The extendibility of SFR calibrations to the early Universe might furthermore be affected by deviations from this universal IMF, with indications for a top heavy IMF at highredshift (Larson 1998; Baugh et al. 2005; Davé 2008; Lacey et al. 2008; Wilkins et al. 2008 ).
Appendix A.2: Comparison of unobscured SFR tracers:
GALEX FUV and Hα FUV and Hα are commonly-used tracers of the unobscured star formation. The applicability of FUV as a star formation rate tracer might, however, be affected by the recent star formation history in dwarfs, which is often bursty and dominated by few, giant Hii regions (e.g. Mateo 1998; Fioc & Rocca-Volmerange 1999) . With Hα being sensitive to the emission of OB stars with mean ages ∼ 10 7 yr and FUV tracing the emission of massive A stars with ages ∼ 10 8 yr (Lequeux 1989) , Hα might be more appropriate as SFR tracer in dwarf galaxies with a particular bursty star formation history.
In Figure A .1, we compare the ratio of the SFR as obtained from the SFR calibrators FUV+MIPS 24 µm and Hα+MIPS 24 µm (see SFR relations in Table A .1) as a function of oxygen abundance. Total Hα fluxes are taken from Gil de Paz et al. (2003); Moustakas & Kennicutt (2006) ; Kennicutt et al. (2008) ; Östlin et al. (2009) . We determine the best fit to the data points based on linear regression fits using the IDL procedure MPFITEXY, which is based on the non-linear least-squares fitting package MPFIT (Markwardt 2009 ). The best fitting line and a perfect one-to-one correlation are indicated as red, dotted and black, dashed lines, respectively. The dispersion around the best fit is indicated in the bottom right corner.
For galaxies with oxygen abundances 12+log(O/H) ≥ 8.1, the two composite SFR tracers seem to provide consistent estimates of the SFR, while below 12+log(O/H) < 8.1 galaxies start to deviate from a perfect one-to-one correlation. Due to the lower stellar masses of metal-poor dwarfs, their star formation history is dominated by only few giant Hii regions and, thus, heavily dependent on the time delay since the last burst of star formation. With FUV tracing the unobscured star formation over a time-scale of 10 to 100 Myr (Kennicutt 1998; Calzetti et al. 2005; Salim et al. 2007 ), the SFR derived from FUV emission will be lower compared to Hα in galaxies characterized by a single recent burst of star formation (< 10 Myr) over a time scale of 100 Myr. Therefore, Hα is considered a better SFR calibrator in low-mass dwarfs which are dominated by single Hii regions. The correspondence between SFR estimates from FUV and Hα emission for galaxies with 12+log(O/H) ≥ 8.1 might indicate an age effect, where the latter objects are rather in a post-starburst phase and the most recent starburst occurred more than 10 Myr ago. The unavailability of Hα maps (only global Hα fluxes could be retrieved from the literature for most galaxies) prevents us from using Hα as reference SFR tracer, since we are unable to recover the Hα emission that corresponds to the areas in galaxies covered by our Herschel observations. Therefore, FUV is used as reference SFR tracer for this analysis, bearing in mind that the conversion to SFR might break down for low-mass metalpoor dwarfs where FUV will on average underestimate the SFR derived from Hα by 50% (see Figure A.1) . Different monochromatic and multi-band data in the infrared and radio wavelength domain can be used to trace the obscured star formation component. Here, we compare IRAC 8 µm, MIPS 24 µm, PACS 70 µm, the total-infrared luminosity and radio continuum emission at 1.4 GHz. Total IRAC 8 µm flux densities have been adopted from Rémy-Ruyer et al. (in prep.) . The DGS sample has been observed by the Herschel PACS (70, 100, 160 µm) and SPIRE (250, 350, 500 µm) photometers in all continuum bands. Details about the observing strategy, the applied data reduction techniques and aperture photometry results are presented in Rémy-Ruyer et al. (2013a) . Total infrared luminosities L TIR are taken from Madden et al. (2013) , as determined from Spitzer bands using the prescriptions in Dale & Helou (2002) . Radio continuum measurements are retrieved from the NRAO VLA Sky Survey (NVSS) catalog (Condon et al. 1998 ), Cannon & Skillman (2004) , Thuan et al. (2004) and Hunt et al. (2005) .
The emission from polycyclic aromatic hydrocarbons (PAHs) usually dominates the IRAC 8 µm band in metal-rich galaxies. In low-metallicity galaxies, the IRAC 8 µm band might also contain an important contribution from the warm continuum emission from very small grains. Since the PAH emission has been observed to be under-luminous below 12 + log(O/H) ∼ 8.1 (Boselli et al. 2004; Engelbracht et al. 2005; Jackson et el. 2006; Madden et al. 2006; Draine et al. 2007; Engelbracht et al. 2008; Galliano et al. 2008) , in combination with the uncertainty to quantifying the 8 µm band in terms of PAH and VSG contribution, the IRAC 8 µm band is considered an unreliable SFR calibrator for the DGS sample covering a wide range in metallicity. Calzetti et al. (2007) could indeed identify that the sensitivity of the IRAC 8 µm band to metallicity is about one order of magnitude worse compared to MIPS 24 µm. The weak PAH emission towards lower metallicities is not directly related to the lower metal abundance but rather emanates from the generally strong and hard radiation fields in low-metallicity systems destroying and/or ionizing PAHs (e.g. Gordon et al. 2008; . Other than its dependence on metallicity (or thus radiation field), PAH emission tends to be inhibited in regions of strong star formation activity while it can be several times more luminous compared to other star formation rate tracers in regions with relatively weak or nonexistent star formation (e.g. Calzetti et al. 2005; Bendo et al. 2008; Gordon et al. 2008) . Prior to any conversion of IRAC 8 µm emission to SFR, the band emission needs to be corrected for any stellar contribution. Given that the contribution from the stellar continuum could be substantial in low abundance galaxies, this will make the correction using standard recipes (e.g. Helou et al. 2004 ) highly uncertain. All together, we argue that the IRAC 8 µm is not appropriate as SFR indicator in our sample of dwarf galaxies with widely varying metallicities.
The most common monochromatic tracer of obscured star formation is MIPS 24 µm emission, which generally originates from a combination of stochastically-heated very small grains (VSGs) and large grains at an equilibrium temperature of ∼100 K. For a grain size distribution similar to our Galaxy, we expect large equilibrium grains only to start dominating the MIPS 24 µm emission above a threshold of G 0 ∼ 100 (where G 0 is the scaling factor of the interstellar radiation field, expressed relative to the FUV interstellar radiation field from 6 to 13.6 eV for the solar neighborhood in units of Habing flux, i.e. 1.6 × 10 −3 erg s −1 cm −2 ). The emission in the MIPS 24 µm band has been shown to be well-correlated with other star formation rate tracers on both local scales (Calzetti et al. 2007; Leroy et al. 2008) and global scales (e.g. Calzetti et al. 2005 Calzetti et al. , 2007 Wu et al. 2005; Alonso-Herrero et al. 2006; Pérez-González et al. 2006; Zhu et al. 2008; Kennicutt et al. 2009; Rieke et al. 2009; Hao et al. 2011) and directly traces the ongoing star formation over a timescale of ∼ 10 Myr (Calzetti et al. 2005; Pérez-González et al. 2006; Calzetti et al. 2007 ).
Since the grain properties and size distribution has been shown to be sensitive to the metallicity of galaxies (Lisenfeld et al. 2002; Galliano et al. 2003 Galliano et al. , 2005 , we need to verify whether MIPS 24 µm is an appropriate SFR tracer for the DGS sample. In low-metallicity objects, small grain sizes ( 3 nm) start to dominate the 24 µm emission compared to larger dust grains (Lisenfeld et al. 2002; Galliano et al. 2003 Galliano et al. , 2005 , due to the fragmentation of these larger dust grains through shocks experienced in the turbulent ISM. The hard radiation field in low metallicity galaxies (see Section 4.3.1) furthermore increases the maximum temperature of stochastically heated grains and shifts the peak of the SED to shorter wavelengths, boosting the MIPS 24 µm flux (e.g. Thuan et al. 1999; Houck et al. 2004; Galametz et al. 2009 Galametz et al. , 2011 . To verify the influence of metallicity on the MIPS 24 µm band emission, we compare the estimated star formation rates obtained from MIPS 24 µm to other SFR indicators which should not be biased (or at least less) by variations in the dust composition across galaxies with different metal abundances.
Towards longer wavelengths (70, 100, 160 µm), the band emission is dominated by larger dust grains and should not depend strongly on the abundance of very small grains. For larger dust grains a significant fraction of the dust heating might, however, be attributed to more evolved stellar populations, making the link between far-infrared continuum emission and star formation more dispersed (Bendo et al. 2010; Calzetti et al. 2010; Boquien et al. 2011; Bendo et al. 2012a; Groves et al. 2012; Smith et al. 2012) . In a similar way, the total-infrared luminosity might be subject to heating from old stars and, therefore, only linked to star formation on much longer timescales. Some individual studies argue that most of the dust heating is provided by star-forming regions in dwarfs (e.g. Galametz et al. 2010; Bendo et al. 2012a ), even at wavelengths long ward of 160 µm, suggesting that the longer wavelength data (70, 100, 160 µm) could potentially be reliable star formation rate tracers. More detailed analyses of the dominant heating sources for dust in dwarfs might however be required to conclude on the applicability of far-infrared continuum bands to trace the SFR. In Figure A .2, we compare the SFR as estimated from the single continuum bands MIPS 24 µm and PACS 70 µm (see top panel). The best fitting line and dispersion (0.28 dex) in this plot is mainly dominated by three galaxies (SBS 0335-052, Tol 1214-277, Haro 11) which have the peak of their SED at very short wavelengths and, therefore, the 24 µm band will overestimate the SFR while the 70 µm emission will underestimate the SFR. The other galaxies seem to follow the one-to-one correlation better with a dispersion of 0.18 dex around the one-to-one correlation (or difference between the two SFR estimates up to 51%).
In the central panel of Figure A .2, we make a similar comparison between the composite SFR tracers FUV+24 µm and FUV+TIR. The best fitting line (with slope α = 0.44) clearly diverges from the one-to-one correlation with the combination of FUV and MIPS 24 µm providing much higher SFR than inferred from FUV+TIR. In particular for galaxies with 12+log(O/H) ≥ 8.1, the SFR estimates can differ up to one order of magnitude. We argue that this discrepancy is mainly caused by the fact that the SFR relations for the total infrared luminosity were calibrated based on galaxy samples of normal star-forming galaxies with close to solar abundances. They might, therefore, be less appropriate for metal-poor dwarfs, which are typically characterized by steeply rising mid-infrared (MIR) to far-infrared (FIR) slopes and overall SEDs peaking at wavelengths lower than ∼ 60 µm (e.g. Thuan et al. 1999; Houck et al. 2004; Galametz et al. 2009 Galametz et al. , 2011 .
Radio continuum emission at 1.4 GHz is dominated by nonthermal synchrotron emission associated with the acceleration of electrons in a galaxy's magnetic field, and, therefore, independent of the grain composition in a galaxy's ISM. The emission at 1.4 GHz is often used as a tracer of star formation, since the optically thin radio synchrotron emission correlates well with the FIR emission (i.e. the FIR-radio correlation, e.g. de Jong et al. 1985; Helou et al. 1985) . However, the 1.4 GHz is not really a tracer of obscured star formation since it probes the energy from supernovae associated with star forming regions and, therefore, rather correlates with the total energy output from starforming regions, including both obscured and unobscured star formation. Figure A. 2 (bottom panel) shows the ratio of SFR estimated from FUV+24 µm and FUV+1.4 GHz as a function of oxygen abundance (or metallicity), with the black dashed line representing the one-to-one correlation. In general, the SFR obtained from the composite tracer FUV+MIPS 24 µm is higher than the SFR estimated from FUV+1.4 GHz. We argue that this deviation can again be attributed to the bursty star formation history in dwarf galaxies. Although the emission at 24 µm and 1.4 GHz is sensitive to stars of ages up to at least 100 Myr (see Table A .1), the MIPS 24 µm band is dominated by the emission of stars younger than 10 Myr. In view of the recent trigger of star formation that characterizes most dwarf galaxies in our sample, the 1.4 GHz emission will typically underestimate the SFR since it was calibrated for models of constant SFR (or supernova rate) over the past 100 Myr. One exception is galaxy HS 0822+3542, for which the SFR seems to be underestimated based on FUV+MIPS 24 µm data. The strange behavior of this galaxy in the PACS wavebands (Rémy-Ruyer et al. 2013a) supports the peculiarity of this object. Another outlier is Haro 11, which shows the highest ratio based on the composite tracer FUV+24 µm. We believe that the warmer dust temperatures with a peak in its SED at very short wavelengths (∼ 40 µm, Galametz et al. 2009 ) in this Luminous InfraRed Galaxy (LIRG) causes an overestimation of the SFR based on MIPS 24 µm.
Based on the above comparison between different tracers of obscured star formation, we opted to use the reference SFR tracers FUV and MIPS 24 µm for the analysis of the DGS sample. By estimating the SFR from FUV and MIPS 24 µm emission, we should be tracing the emission of young stars with ages up to 100 Myr. However, it is possible to get diffuse emission that is not locally heated by star forming regions in both FUV and MIPS 24 µm bands originating from heating by the diffuse interstellar radiation field. This could potentially cause an overestimation of the SFR in diffuse regions and might bias the interpretation of the observed relations between the SFR and FIR line emission, in particular for the spatially resolved analysis of Section 3. With the Dwarf Galaxy Survey often not mapping the nearby galaxies completely in the FIR lines but rather focusing on the brightest star forming regions, we argue that the contribution from diffuse regions and the heating by evolved stellar populations most likely will be limited in many cases. Although, we should keep in mind the possible contribution of diffuse FUV and 24 µm emission to the SFR estimates upon analyzing the SFR relations. Similarly, the FUV band might contain residual starlight from evolved stellar populations due to the low level of obscuration in some of the dwarfs. However, the presence of only few evolved stars in dwarfs (compared to more massive early-type galaxies with large spheroids) makes it unlikely that residual starlight of old stars will contribute significantly to the FUV emission.
Article number, page 23 of 36 Comparison between the ratio of the SFR as obtained from the SFR calibrators MIPS 24 µm and PACS 70 µm (top), FUV+MIPS 24 µm and FUV+TIR (middle) and FUV+MIPS 24 µm and FUV+1.4 GHz (bottom) as a function of oxygen abundance. Galaxies are color-coded according to metallicity with increasing oxygen abundances going from black over blue, green and yellow to red colors. The red, dotted and black, dashed line represents the best fit and a perfect one-to-one correlation, respectively. The dispersion around the best fit is indicated in the bottom right corner. Table B. 2. Overview of literature data for high-redshift galaxies used for the SFR calibrations presented in this paper. The first, second and third column specify the name of the source, redshift and reference to the literature work, respectively. The subsequent columns provide the [Cii] , [Oi] (c) Luminosities have not been corrected for a possible lensing factor, but the galaxy could possibly be lensed up to a factor of 8 .
(d) Luminosities have been corrected assuming a lensing factor of 18, following Ferkinhoff et al. (2014) .
(e) We apply the luminosities corrected for lensing reported by Ivison et al. (2010b) .
(f) Luminosities have been corrected assuming a lensing factor of 6, following the best fit for the lens model reported in Valtchanov et al. (2011) .
(g) Luminosities have been corrected assuming a lensing factor of 2.38, following Ivison et al. (2010a) .
(h) Luminosities have been corrected assuming a lensing factor of 25, following the improved lens model presented in Valtchanov et al. (2011) .
(i) Luminosities have been corrected assuming a lensing factor of 90, following the most extreme estimate of the lensing factor (µ ∼ 4-90) reported in Riechers et al. (2009) .
(j) Luminosities have been corrected assuming a lensing factor of 20, which is the median of the range in amplification factors reported in Cox et al. (2011) (k) Luminosities have been corrected assuming a lensing factor of 4.5, following Maiolino et al. (2009) .
(l) Luminosities have been corrected assuming a lensing factor of 11, following the most extreme lensing predictions of Franx et al. (1997) .
(m) Luminosities have been corrected assuming a lensing factor of 8.9, following Rawle et al. (2013) .
(n) The SFR is not calculated from L TIR since Himiko is an optically bright galaxy with low metal and dust content. Therefore, we adapt the SFR estimate (∼ 100 M yr −1 ) obtained from the stellar population synthesis in Ouchi et al. (2013) . Article number, page 26 of 36 Ilse De Looze et al.: The applicability of FIR fine-structure lines as Star Formation Rate tracers Table B .3. Overview of literature data for dwarf galaxies used for the SFR calibrations presented in this paper. The dwarf galaxies from the Dwarf Galaxy Survey are also part of the literature sample but they are not repeated here as they correspond to the sources in Table B. 1. The first, second and third column specify the name of the source, luminosity distance and reference to the literature work, respectively. The subsequent columns provide the GALEX FUV and MIPS 24 µm or IRAS 25 µm flux densities and star formation rates (estimated from the GALEX FUV and MIPS 24 µm/IRAS 25 µm measurements and the calibrations presented in Hao et al. (2011) and Kennicutt et al. (2009) Notes.
(a) Distances for galaxies with redshifts z < 0.01 are obtained from the Nearby Galaxies Catalog (Tully 1988 ) (if available), while for other galaxies distances are derived from the redshifts reported on the NASA Extragalactic Database (NED). For Virgo cluster galaxies, we retrieve distances from the Goldmine database (Gavazzi et al. 2003) , based on results reported in Gavazzi et al. (1999) . For galaxies with redshifts z ≥ 0.01, the luminosity distances are calculated for a spatially flat cosmology with H 0 = 67.3 km s −1 Mpc −1 , Ω λ = 0.685 and Ω m = 0.315 (Planck Collaboration et al. 2013) . (b) References: (1) Brauher et al. (2008) Article number, page 27 of 36 Table B .4. Overview of literature data for galaxies with Hii or starburst source classification used for the SFR calibrations presented in this paper. The first, second and third column specify the name of the source, luminosity distance and reference to the literature work, respectively. The subsequent columns provide the total infrared (8-1000 µm) luminosity and star formation rate, respectively. Notes.
(a) Distances for galaxies with redshifts z < 0.01 are obtained from the Nearby Galaxies Catalog (Tully 1988 ) (if available), while for other galaxies distances are derived from the redshifts reported on the NASA Extragalactic Database (NED). For Virgo cluster galaxies, we retrieve distances from the Goldmine database (Gavazzi et al. 2003) , based on results reported in Gavazzi et al. (1999) . For galaxies with redshifts z ≥ 0.01, the luminosity distances are calculated for a spatially flat cosmology with H 0 = 67.3 km s Article number, page 31 of 36 Table B .5. Overview of literature data for galaxies with composite or AGN source classification used for the SFR calibrations presented in this paper. The first, second and third column specify the name of the source, luminosity distance and reference to the literature work, respectively. The subsequent columns provide the total infrared (8-1000 µm) luminosity and star formation rate, respectively. Notes.
(a) Distances for galaxies with redshifts z < 0.01 are obtained from the Nearby Galaxies Catalog (Tully 1988 ) (if available), while for other galaxies distances are derived from the redshifts reported on the NASA Extragalactic Database (NED). For Virgo cluster galaxies, we retrieve distances from the Goldmine database (Gavazzi et al. 2003) , based on results reported in Gavazzi et al. (1999) . For galaxies with redshifts z ≥ 0.01, the luminosity distances are calculated for a spatially flat cosmology with H 0 = 67.3 km s Article number, page 36 of 36
